Background: Chronic kidney disease (CKD) and end-stage renal disease (ESRD) are both common public health problems worldwide. Hemodialysis (HD) is one of the main ultimate modalities of renal replacement therapy in these patients. The aim of this study was to compare the different parametric (Weibull, Gamma, Gompertz, Log-logistic and Lognormal) survival models, in maintenance HD (MHD) patients.
respectively in 2006 (Aghighi et al., 2008) . Hence, like other parts of the world ESRD is becoming a major public health problem and needs a good health care strategy. Investigating the survival of these patients is an important health issue.
Survival analysis models for investigating the effect of covariates on the risk (hazard) function of a population is a favorable statistical technique in the last decade. Generally there are two different kinds of models for survival analysis: non parametric models including Cox proportional hazard (PH) model and parametric survival accelerated failure time (AFT) models including Weibull, Exponential, Log-logistic, Lognormal and Gamma models (Kleinbaum & Klein, 2012) .
Although cox model is a popular one for analyzing survival data, in some conditions due to the characteristics of the data, parametric models are better than cox model. The most important characteristic is data distribution, which could be linked to a special parametric model. Also with a decrease sample size, relative efficiencies may further changed in favor of parametric models. When empirical information is sufficient, parametric models can provide some insight into the shape of the baseline hazard (Efron, 1977; Nardi & Schemper, 2003; Ng'andu, 1997; Oakes, 1983) . Therefore, using the best model to fit the data is important in survival analysis.
It may be mentioned that there are very few studies in Iran regarding dialysis practice and survival data. Hence, the aim of this study was to use and compare the different parametric (Weibull, Gamma, Gompertz, Log-logistic and Lognormal) models for the analysis of the hemodialysis patients.
Method
This was a retrospective cohort study from March 2004 to October 2013 in HD ward of Hasheminejad Kidney Center, Tehran, Iran. The clinical, demographic and laboratory data of 544 incident and prevalent HD patients were extracted from Hemodialysis Data Processor Software, which was designed for hemodialysis data collection, at Hasheminejad Kidney Center, a main referral kidney hospital in Iran. The Demographic data were collected at admission. Laboratory tests were performed in each month, or every two or six months. The variables including age at admission, Gender(Males/Females), Marital status(Married, living with partner/Single, divorced, widowed Married), Smoking(Yes/No), Walking ability(Walks without help/Walks with help, Uses wheelchair or crutches, Unable to walk), diabetes mellitus(Yes/No), hypertension(Yes/No), hemoglobin level, plasma levels of calcium, phosphate, intact parathyroid hormone (PTH), potassium, triglyceride, low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), creatinine and protein and single-pooled Kt/V (SpKt/V), as a measurement of efficacy of dialysis. Finally the mean of each variable was calculated for the analysis.
Survival analysis included two basic models of parametric and nonparametric. Two models were used for correction of the effect of covariates on the survival function: accelerated failure time (AFT) and proportional hazard (PH). Parametric survival models are statistically more powerful than non-parametric or semi-parametric models. They are AFT models and this models use natural logarithm of the survival period ln (t) is explained by a linear function on of the covariates. Exponential, Weibull, Gompertz, lognormal and log-logistic were used as the different parametric models. We used these different parametric models for analysis survival of hemodialysis patients, first in univariate and then in multivariate analysis. For comparison among models, two different criteria were used; Akaike Information criterion (AIC) and Cox-Snell residual (Kleinbaum & Klein, 2012) .
For AIC, the lower value and for Cox-Snell residual, the line more close to bisector of the first quarter, were used as the indicator of the best model. All statistical analyses were done using the Stata Statistical Software: Release 11. College Station, TX: Stata Corp LP. P-values less than 0.05 were considered significant.
Results
A total of 544 patients participated this study, 236 (42.4%) of whom were female. The mean (±SD) age at admission time was 56.03 (±17.03) years, and ranged from 11 to 89 years. The median survival of the patients was 56 months. The median of follow up time for dead patient was 27.76 month and for censors was 24.73 month. 1, 3, 5 and 9 year survival rates were 0.92, 0.66, 0.46 and 0.25 respectively.
At the end of the study 216 patients (38.8%), had died. The cause of death in this study for patient are as follow: Cardiovascular 98 (45.6%), Cerebrovascular 27 (12.6%), Gastrointestinal 4 (1.9%), Infectious 30 (13.9%), Neoplastic 13 (6.0%), Pulmonary 6 (2.8%), Trauma or accident 1 (0.5%), Not identified 36 (16.7%).
The patients, who died or were transplanted, transferred to another center or recovered, were considered as right censored. Table 1 showed the characteristics of all patients. Vol. 8, No. 10; we know that the model fits the data well. Based on both criteria (AIC and Cox-Snell residual), Weibull survival model had the best fit compared to other parametric models, following with lognormal, log-logistic and Gompertz, and the worst mode was exponential (Table 2 and Table 3 
Discussion
The objective of this study was to know the best survival model for analyzing of the hemodialysis patients. it was a single center study with 544 prevalent and incident maintenance hemodialysis patients. we presented the results of 9 years patient survival and risk factors of mortality during a mean of follow-up of 64.19 months.
In our study, age at admission was one of the most important contributors to patient mortality in MHD patients.
With each one year increased in age, patient mortality increased by 1.5%. This is similar to other studeis which indicated that mortality of older patients at admission is greater than younger ones (Sa Carvalho, Henderson, Shimakura, & Sousa, 2003) . Age is also a major risk factor for adverse outcomes of peritoneal dialysis (Ahmad & Shahzad, 2015; Coric et al., 2015; Mailloux et al., 1994; Tsai et al., 2013) . But in the other study on elder people, there is no difference between survival of elderly and "older "patient (Jeloka, Sanwaria, Periera, & Pawar, 2016) . From all these studies, we can conclude young age can affected survival of this patient.
Diabetes mellitus was another risk factor in our models, and had a significant effect on patient survival. According to our results, having diabetes mellitus increases the hazard of mortality by 39% in MHD patient. Some previous studies confirm this finding (Schiller et al., 2015; Sikole et al., 2007; Vavallo et al., 2014) .
Walking ability was another factor that interestingly had a positive effect on survival of MHD patients in our study and we found significant lower hazards of death in those who could walk without help. A recent study has shown the correlation between gait speed and mortality in HD patients (Inaba et al., 2013) . They rationalized that as walking challenges the heart, lungs, circulatory, nervous, and musculoskeletal systems, gait speed provides an informative marker of the overall health status (Kutner, Zhang, Huang, & Painter, 2015) .
Our model indicated the protective effect of serum creatinine on patient survival consistent with previous studies (Dwyer et al., 2005; Moreau-Gaudry et al., 2011) . Serum creatinine has a considerable correlation with lean body mass (Dwyer et al., 2005) . So this protective effect may be due to better maintenance of body mass and good nutrition (de Souza, Matos, Barros, & Rocha, 2014; Moreau-Gaudry et al., 2011) .
Mineral metabolism affects mortality in hemodialysis patients and is identified by imbalances in calcium, serum www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 10; phosphate and parathyroid hormone (PTH) (Taniguchi et al., 2013; Tentori et al., 2008) . Based on our findings, serum phosphate, calcium and PTH levels had no significant effect on mortality of these patients. All these finding have been confirmed by other studies (Inaba et al., 2013; Lin et al., 2015) . Moreover, Hemoglobin and HDL level were other predictors of mortality in in our study. The positive effect of high level of both factor are confirmed by this study and other studies (Coric et al., 2015; Moradi et al., 2014; Teixeira, Lopes, Silva, & Santos, 2015; Tsubakihara, Akizawa, Iwasaki, & Shimazaki, 2015) .
Efficacy of dialysis has been shown as the predictor of survival in various studies. The clear relationship between low dialysis efficacy and patient's survival and the high mortality has been observed previously (Lertdumrongluk et al., 2014; Ramirez et al., 2012; Singh et al., 2013) . In addition, in our results, clear positive effect of high level of SpKt/V on survival of ERSD patient was confirmed.
In this study, we used parametric models for analyzing the survival of ERSD patients under MHD. In such survival analyses, usually researchers use proportional Cox models (Royston, 2004; Therneau & Grambsch, 2000) . This model needs some assumptions such as proportionality of hazards among various variables. If these assumptions are violated, Cox models are not appropriate and using parametric models will be the best option. These parametric models assume a specific distribution for time variable in survival analysis and fit the model to the data, without a need to the Cox model pre-assumptions (Collett, 2003; Hougaard, 2000) . The parametric models include lognormal, log-logistic, Weibull, Gamma and Gompertz distributions. Lognormal distribution was introduced by McAlister in 1897(Aktürk Hayat et al., 2010) . The skewed distribution, where the average value is low and variance is high, is the main characteristics of this distribution (Aktürk Hayat et al., 2010) . Cancer survival studies like chronic leukemia, which is positively skewed, are analyzed via lognormal distribution (Lee & Wang, 2003) . Log-logistic distribution is for the random variables, which is positive in probability and statistics. Many researchers in different fields such as breast cancer and HIV studies, used this model in survival analysis (Byers et al., 1988; Gupta, Akman, & Lvin, 1999; Zhou, Mi, & Guo, 2007) . Where the mortality ratio increases at the very beginning and decrease at the end this model is recommended (Lee & Wang, 2003) .
Weibull distribution is a generalised version of the exponential distribution. It is a flexible distribution that allows a monotonous increase and an important field in which this model is used (Viscomi et al., 2006) . Gamma distribution has an adaptive characteristic that makes it appropriate for survival models (Aktürk Hayat et al., 2010) . Survival in chronic hepatitis, and in patients with nasopharyngeal tumor are the examples of studies that have used this parametric model (Bolin & Greene, 1986; Galli, Maini, Salvatori, & Andreasi, 1983; Poon et al., 2004) .
Gompertz model is another parametric model that has been frequently used in modelling the mortality ratio data by medical researchers. Relation with tumor development in different cancer studies is an example of using this model (Ahuja & Nash, 1967) .
Limitations of our study were single center and the low time of follow up (just 9 years). On the other hand we couldn't add alcohol consumption one of the risk factor of ERCP patient, in our analysis. Information about this factor is not possible due to some cultural problems.
Conclusion
In this study, we aimed to compare the results of the survival analysis of ERSD patient using Weibull, Gamma, Gompertz, Log-logistic and Lognormal models. In conclusion, by using AIC, the models obtained via Weibull, Log-logistic, Lognormal, Gamma and Gompertz models were compared and the most suitable model for MHD survival analysis was specified. Although the AIC values of the five distributions were very close to each other, the Weibull distribution, which had the lowest AIC value, was selected as the most appropriate model. So it is conclude that the Weibull distribution is the best model for survival analysis of MHD patients.
